The development and validation of an analytical method for the determination of 51 pesticides in tomato using UPLC-MS/MS (ultra performance liquid chromatography coupled to tandem mass spectrometry) was performed in order to fulfill the requirements of the NBR ISO/IEC 17025:2005. The goal of the validation was to evaluate all required parameters, such as linearity of analytical curves, instrument and method limits of detection and quantification, matrix effect and accuracy (trueness and precision). Stock solutions of the pesticides were prepared in organic solvent by two different analysts independently, in order to validate this preparation by comparing the detector response areas of injections (n = 7). Pesticides were extracted from tomatoes applying the Dutch mini-Luke method with 30 mL of each solvent as acetone, petroleum ether as well as dichloromethane. A small aliquot of the organic solvent extract was evaporated and reconstituted in methanol with 0.1% of acetic acid (v/v) for UPLC-MS/MS analysis. The recovery experiments were done by spiking blank samples at 10, 20 and 50 µg kg -1 , performed by two analysts, seven replicates for each concentration level plus the blank sample. From the 51 studied compounds, 46 showed recoveries within the acceptable range of 70-120% for all evaluated concentrations. For 82% of pesticides, the validated method limit of quantification was the lowest concentration studied (10 µg kg 
Introduction
Since 2008, Brazil has had the worrying position of being the largest consumer of pesticides in the world. According to the Ministry of Agriculture, Livestock and Supply (MAPA), in that year 673.9 t of these toxic products ended up in the environment. 1 The extensive use of pesticides is a serious public health problem in developing countries, especially those with economies based on agribusiness, as is the case in Brazil. Two monitoring programs for pesticide residues are currently in place in Brazil aiming to evaluate compliance with national maximum residues levels (MRL). The Program on Pesticide Residues Analysis in Food (PARA), coordinated by the National Health Surveillance Agency (ANVISA), aims to analyze fruits and vegetables sold at Brazilian market places. The National Residue and Contamination Control Program (PNCRC), coordinated by MAPA, intends to control animal products, as well as fruits and vegetables products that are destined mainly for exportation. 2 Furthermore, there is a need to develop rapid and accurate analytical methods for determination of pesticide residues in agricultural products, including a wide range of pesticide groups, with very different properties (polar, non-polar, planar, acids, bases), and doing that in a single chromatographic run and one extraction per sample. 3, 4 Thus, considering the increase in the use of pesticides in various cultures, there is a growing need for government agencies to carry out control programs to determine the occurrence of residues and their concentrations. The main difficulty in developing reliable methods is the lack of enough laboratories in Brazil with competence on identification and quantification of these substances.
Laboratory accreditation appears in this context as a powerful tool to demonstrate the ability of laboratories not only in the field of determining pesticides residues in foods, but in all areas where the presence of a quality management system is required to act accurately and effectively in order to demonstrate the ability of laboratories to solve problems that occur.
Laboratory accreditation is a way to determine the technical competence of laboratories to perform specific types of tests, measurements and calibration. It also provides formal recognition of competent laboratories, thus providing an easy way for customers to identify and select reliable testing, measurement and calibration services able to meet their needs. 5 Many countries around the world have one or more organizations responsible for laboratory accreditation. Most of these organizations adopt the ISO/IEC 17025 norm 6 as the basis for accrediting testing and calibration laboratories. 7 The General Accreditation Coordinator (CGCRE) linked to the National Institute of Metrology, Standardization and Industrial Quality (INMETRO) is the accreditation body for conformity assessment recognized by the Brazilian government, as laid down in decree No. 6275 of November 28, 2007. Therefore, CGCRE is, within the organizational structure of INMETRO, the main organizational unit that has full responsibility and authority over all aspects of the accreditation, including accreditation decisions.
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Laboratory accreditation by CGCRE is performed by the Laboratory Accreditation Division (DICLA), which performs activities related to the granting and maintenance of accreditation, in accordance with requirements of the NBR ISO/IEC 17025 norm. 8 Accreditation involves a complete review of all structural parts of the laboratory that contribute to generate accurate and reliable results. The criteria that the auditors refer for quality control are based on an international standard (ISO/IEC 17025:2005), which is applicable to all laboratories involved in sampling, development of new methods, testing and calibration. Official accreditation bodies use this international standard, published by the International Organization for Standardization (ISO), to ensure the parameters that influence the laboratory's ability to generate precise and accurate results of tests and/or calibration, including adequate control of the procedures, quality, qualification, training and experience of all personnel involved, as well as proper maintenance and calibration of all equipment. 9 Efficient management of the quality system enhances and improves development, competence and discipline of the staff. The accreditation allows the laboratory, above all, to assess its performance using it as reference to demonstrate their technical competence through regular reviews.
To be accredited by an accreditation body, it is essential that the laboratory implement a Quality Management System, which is a set of minimum rules in order to guide each part of the organization to run its duties properly, in time and planning, and everything must be directed towards the common goal of the organization: customer satisfaction.
Thus, the objective of this study was to validate an analytical method for the simultaneous determination of 51 pesticide residues in tomatoes, in order to evaluate the method performance and the compliance of the laboratory according with ISO/IEC 17025 requirements. 6 The validation for tomato as matrix is representative for all crops classified in the same commodity group, which is high water content matrices.
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Experimental
Reference standards, chemicals and reagents Methanol, acetonitrile, toluene, acetone, petroleum ether, dichloromethane, acetic acid, all pesticide purity grade were purchased from J. T. Baker Chemical or Mallinckrodt (Phillipsburg and Center Valley, USA respectively). Pesticides reference standards were obtained from Dr. Ehrenstorfer (Augsburg, Germany). Sodium sulfate was obtained from UCT (Bristol, USA) and ammonium formate from Sigma-Aldrich (Seelze, Germany).
Preparation of analytical standard solutions
Stock solutions of individual pesticide reference standards were prepared at 1000 mg L -1 in organic solvent taking into account the solubility and purity of the standard. Reference standards were weighed directly into a 20 mL flask and the required volume of the appropriate solvent (preferably toluene or methanol and only if strictly necessary acetonitrile or acetone) was added using automated and calibrated pipettes. Finally, the solutions were placed for about 5 min in an ultrasonic bath in order to assure complete dissolution.
After the preparation of individual stock solutions, a stock mixture standard solution containing all 51 compounds was prepared at 1 mg L -1 in methanol containing 0.1% of acetic acid (v/v). Therefore, 200 µL of each individual solution was transferred to a volumetric flask of 200 mL and the volume was made up with methanol with 0.1% of acetic acid (v/v). Then, the solution was mixed and homogenized and divided Vol. 27, No. 7, 2016 over four different flasks in order to avoid contamination during handling. This solution was used to prepare all analytical standard solutions in organic solvent and in matrix blank extract for the linearity study of analytical curves.
Analytical solutions were stored in a freezer at 20 °C. Before use, all solutions were allowed to stand until room temperature was reached. Subsequently, the solutions were placed in an ultrasonic bath for 5 min.
In order to validate the stock solutions, they were prepared by two different analysts and their results were compared by UPLC-MS/MS (ultra performance liquid chromatography coupled to tandem mass spectrometry) measurement. The difference in detector response (peak area) of both solutions was calculated according to equation 1.
(1)
The criterion for the acceptable difference is < 10%, according to the SANCO document. 10 
UPLC-MS/MS experimental conditions
The UPLC-MS/MS system consisted of an ACQUITY UPLC coupled to a XEVO TQ-S (triple quadrupole) tandem mass spectrometer (Waters, Milford, USA).
Chromatographic separations were carried out using a BEH C18 column (2.1 mm × 100 mm, 1.7 µm particle size), maintained at 60 °C with a total run time of 14 min. The mobile phases consisted of 0.3 g L -1 ammonium formate solution (solvent A) and methanol (solvent B). The following gradient elution (0.45 mL min -1 flow rate) was performed: 80% A at the injection time, decreasing linearly to 15% A over 11 min. This eluent composition was maintained for 1 min and then increased linearly to 80% A over 0.5 min. This condition was maintained until the end of the chromatographic run.
The mass spectrometer was operated in the positive electrospray ionization mode, ESI (+). The capillary voltage was settled at 3.00 kV. Desolvation gas temperature was 400 °C. Desolvation gas flow and cone gas flow were 500 and 150 L h -1 , respectively. Collision gas flow was used at 0.15 mL min -1 . Two MRM (multiple reaction monitoring) transitions per analyte were monitored as can be seen in Table 1 . One product ion was used for quantification and the ion ratio of both product ions was used for identification, with a ± 30% tolerance window (Table 1) . 10 Preliminary tuning experiments were carried out via direct infusion of individual diluted standard solutions (200 ng mL -1 ) into the mass spectrometer, in order to establish the optimal detection conditions. The infusion flow rate was set at 5 µL min -1 . 
Extraction procedure
The method used for pesticides extraction from tomato was the acetone-based Dutch mini-Luke method issued by the Netherlands Food and Consumer Product Safety Authority. 11, 12 The Dutch mini-Luke method is a miniaturized and optimized adaptation of the original Luke method developed in 1975. 13 The miniaturization enabled a considerable reduction of sample amount and solvents used, as well as analysis time.
Tomato samples were homogenized after stalk removal and 15 g (± 1%) were weighed into 250 mL Teflon ® tubes. Then, 30 mL of acetone was added and the mixture was homogenized with an ultraturrax for 30 s at 15,000 rpm. Sodium sulfate (15 g) was added and mixed with the ultraturrax for 30 s. After this step, 30 mL of petroleum ether and 30 mL of dichloromethane were added and mixed (ultraturrax) for 30 s to induce partitioning. The tubes were centrifuged for 3 min at 20 °C and 3600 rpm. After centrifugation, 1.2 mL of extract was transferred to evaporation tubes and the organic solvent mixture was evaporated (stepwise first at 45 °C, then at 65 °C) until nearly dry. Complete dryness was achieved in a fume hood, letting the tubes stand at room temperature. Finally, 1 mL of methanol with 0.1% of acetic acid (v/v) and the internal standard (propoxur at 40 ng mL -1 ) was added to reconstitute the extract using a vortex mixer. Figure 1 shows the extraction procedure.
Method validation
All the validation parameters were evaluated following the orientation document DOQ-CGCRE-008 (Orientation of Analytical Methods Validation) provided by INMETRO. 14 Vol. 27, No. 7, 2016 Calibration curves, linearity, limit of detection (LOD) and limit of quantification (LOQ) Linearity of analytical curves was evaluated by injecting analytical solutions prepared in solvent (methanol with 0.1% of acetic acid, v/v) and in blank tomato extracts at 0.1, 0.2, 0.5, 1.0, 5.0, 20.0 and 100.0 ng mL -1 . First, the blank of solvents and reagents (extraction procedure without the presence of matrix and analytes) and matrix blank extract (matrix extraction without analytes) were injected. Then, the analytical solutions prepared in organic solvent and in blank matrix extract were injected. These solutions were injected in ascending concentration order to avoid carry over in the chromatographic system between injections. Furthermore, solutions in solvent and in blank matrix extract were injected alternately. This sequence was repeated seven times.
Using data obtained from the linearity study for each analyzed pesticide, the estimated instrument limit of detection (LOD i ) and method (LOD m ), as well as estimated instrument limit of quantification (LOQ i ) and method (LOQ m ) were calculated. The estimated LOQ m was evaluated against the target validated LOQ m (10 µg kg -1 ).
Matrix effect evaluation
Components present in tomatoes (typically of natural origin) can influence the quantitative measurement of pesticides without being detected as interfering compounds. Some analytes are more affected than others. 15, 16 The matrix effect is the effect observed by the increase or decrease in detector response for a particular analyte present in the matrix extract compared to the detector response for the analyte in organic solvent. 17 In this study, the matrix effect was evaluated in two different ways. The first way was by comparison of peak areas obtained from analytical solutions prepared in organic solvent and from those in blank matrix extract at each individual concentration, according to equation 2.
(2)
The second way was performed by comparing the slopes of the analytical curves obtained from solutions prepared in organic solvent and those in the blank matrix extract, and calculated via equation 3.
Using those two methods, it was possible to determine whether the matrix caused a positive (increase of the detector response) or negative effect (decrease of the detector response).
Accuracy and precision
In order to evaluate the accuracy (trueness) and precision of the method, recovery experiments were done. Blank tomatoes were spiked with a known amount of the mixture solution (1 mg L -1 ) to obtain a concentration of all analytes studied at 10, 20 and 50 µg kg -1 . For each concentration, seven replicates were performed. Seven replicates of the blank sample extract were also prepared. Accuracy in terms of recovery percentage was calculated according to equation 4.
(4)
To evaluate the repeatability of the analytical method in terms of intermediate precision, the fortification and recovery tests were performed by two different analysts on different days. The trueness, expressed as average percentage recovery of seven replicates for each concentration was calculated for each pesticide studied.
Thereafter, the average of averages from the results of both analysts and the standard deviation for each concentration were calculated. From these results, the precision, expressed as RSD (relative standard deviation), was calculated for each level for each pesticide. 
Results and Discussion
Selected internal standard
An internal standard is a chemical substance added to a known matrix portion or matrix extract in a specific step of the analysis in order to assess the correct execution of the test procedure (or part of it). The internal standard must be chemically stable and must preferably demonstrate similar behavior as of the target analytes. 10 In pesticide residue analysis, the internal standard generally is a pesticide that has its use banned or a compound that is not found in the matrices. For this study, the pesticide propoxur (at 40 ng mL -1 ) was used, which was also added to all analytical solutions. For the analytical curves as well as in the samples used to evaluate the accuracy and precision of the extraction method. This compound had the purpose of identifying potential losses and errors during the whole procedure.
Despite the use of propoxur as QC (quality control) internal standard, quantification was done via external calibration.
Validation of stock solutions
The preparation of stock solutions was considered satisfactory if the difference between the results from both analysts was less than ± 10%. 10 For 43 of the 51 studied compounds, the difference (%) between areas of the same substance obtained from analysis of solutions prepared by two different analysts, were between -7.6 and 5.6%. These results show the excellent preparation procedure of stock solutions.
Method validation Analytical curves and linearity
To evaluate the linearity of analytical curves, the solutions were prepared in organic solvent (methanol with 0.1% of acetic acid, v/v) and in blank tomato extract.
The determination coefficient (r²) value numerically expresses the percentage of total analytical signal variation due to the analyte concentration variation. This percentage varies from 0 to 100% and r² value ranges from 0 to 1. Ideally, the closer the percentage of the variance observed in the analytical signal by varying the concentration is to 100%, the closer the r² value will be to 1. Consequently, the quality of the calibration curve will be better, because the variation of the analytical signal as a function of analyte concentration will be more sensitive and best represented by the linear equation obtained.
As can be seen in Table 2 from the 51 studied compounds, both in organic solvent and in matrix extract, 47 (92%) showed a determination coefficient greater than or equal to 0.99. On the other hand, bitertanol, carbaryl, lufenuron and teflubenzuron showed r² between 0.96 and 0.99 for both analytical curves. These results are in accordance to INMETRO requirements. 14 Table 3 shows the limits of detection and quantification (of the instrument and method) calculated from individual solutions prepared in methanol with 0.1% of acetic acid (v/v) and in blank matrix extract.
LOD and LOQ
For analytical solutions prepared in organic solvent, 28 of the 51 studied pesticides showed a LOD i of 0.1 ng mL , respectively. As can be seen in the Table 3 is possible to note that for some compounds the limits are much different when results in solvent are compared to blank matrix extract. For carbaryl for example, the LOD i when solutions were prepared in blank matrix extract is 50 times greater compared to results when solutions were prepared in organic solvent.
Matrix effect
The matrix effect is the effect observed by the increase or decrease in detector response for a particular analyte present in the matrix extract compared to the detector response for the analyte in organic solvent. 18 For LC-MS/MS (liquid chromatography coupled to tandem mass spectrometry) analysis this effect is usually caused by interference of matrix components eluting near or at the same retention time of the analyte and competing with it during the ionization process. At low concentrations, the matrix effect can become significantly important, because there is a reduction in ionization due to lower analyte concentration in matrix. 18 The matrix effect results were evaluated at each individual concentration of the analytical curves according to equation 2 at matrix effect evaluation section, as well as via analytical curves slope of standards in organic solvent and in matrix extract according to equation 3 (Table 3 and Figure 2 , respectively).
As can be seen in Table 4 , many pesticides showed high matrix effect, or could not be determined, in the four lowest concentrations of analytical curves. This is Vol. 27, No. 7, 2016 explained by the fact that in these low concentrations (0.1 to 1.0 ng mL -1 ), the pesticide amount is reduced when compared to the higher concentrations of matrix compounds and, consequently, are most affected by the presence of these components.
On the other hand, all the compounds evaluated in this study demonstrated a matrix effect between -20 and +20% when the calculation took only the slope of analytical curves into account, as can be seen in Figure 2 . Thus, it is possible to conclude that the tomato matrix does not exert a significant effect on the detector signal from any of the analyzed compounds. Table 4 . Matrix effect calculated for each pesticide by injection of analytical solutions prepared in methanol (n = 7) and in blank matrix extract (n = 7) (cont.)
Recovery experiments
As can be seen in Figure 3 , from the 51 studied pesticides, 45, 46 and 46 had an acceptable recovery percentage in the range from 70 to 120% for spike levels 10, 20 and 50 µg kg -1 , respectively. One of the pesticides (carbaryl) showed 64% recovery at 10 µg kg -1 , but at 20 and 50 µg kg -1 , the recovery values were 85 and 115%, respectively. These values demonstrate the acceptable accuracy of the developed method. triadimenol), the LOQ m was 20 µg kg -1 and for three others (acephate, methamidophos and omethoate), 50 µg kg -1 . For only one compound (carbaryl) the LOQ m could not be established because the performance criteria were not met, that is, recovery outside 70-120% range and/or RSD > 20% for all three studied concentrations.
Two compounds (bitertanol and triflumizole) were not detected in any of the three spiked concentrations.
Intermediate precision
Intermediate precision of the developed method was evaluated varying two parameters: different analysts and different days. For all the studied pesticides, the RSD values for intermediate precision were within the acceptable range, except for the spike level of 20 µg kg -1 for carbaryl that showed 78% of RSD. Figure 6 shows the frequency distribution for the number of compounds, within various RSD ranges, for each spike concentration studied. As can be seen in this figure, only one pesticide (carbaryl) showed an RSD value above 20% at 20 µg kg -1 . Two pesticides (bitertanol and triflumizole) were not detected in any of the three spiked concentrations.
Conclusions
Laboratory accreditation provides recognition by official bodies for a laboratory's technical competence in performing particular services. For the accreditation of testing laboratories, it is necessary to validate methods developed in the laboratory itself to prove its ability to perform certain analyses through validation parameters required by the official accreditation standard for testing laboratories, the ISO/IEC 17025 norm.
For this purpose, a method for determination of 51 pesticides was developed and validated according to the parameters required by the Brazilian accreditation body (INMETRO/CGCRE) and in accordance with ISO/IEC 17025 as a prerequisite for laboratory application to be accredited.
Validation parameters were studied following the official document of Accreditation General Coordination, an agency of INMETRO responsible for laboratories accreditation.
The extraction method used for analysis was the Dutch mini-Luke method based on extraction using acetone and partitioning with petroleum ether and dichloromethane. After the evaporation and reconstitution step in appropriate solvent, the samples were analyzed by ultra-performance liquid chromatography coupled to tandem mass spectrometry (UPLC-MS/MS).
The validated method showed very good performance for most of the studied analytes in terms of sensitivity, accuracy, precision and linearity except for bitertanol, triflumizole and carbaryl and, for this reason the scope of the method was reduced for 48 pesticides. After all evaluated criteria, the method showed to be appropriate to determine pesticide residues in high water content matrices.
